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doi:10.1016/j.ejvs.2010.09.013Abstract Introduction: So far the only endovascular option to treat patients with thoraco
abdominal aortic aneurysms is the deployment of branched grafts. We describe a technique
consisting of the deployment of standard off-the- shelf grafts to treat urgent cases.
Material and Methods: The sandwich technique consists of the deployment of ViaBahn
chimney grafts in combination with standard thoracic and abdominal aortic stent grafts. The
chimney grafts are deployed using a transbrachial and transaxillary access. These coaxial
grafts are placed inside the thoracic tube graft. After deployment of the infrarenal bifurcated
abdominal graft a bridging stent–a short tube graft is positioned inside the thoracic graft
further stabilizing the chimney grafts.
Results: 5 patients with symptomatic thoraco abdominal aneurysms were treated. There was
one Type I endoleak that resolved after 2 months. In all patients 3 stentgrafts had to be used
When possible all visceral and renal branches were revascularized. A total number of 17
arteries were reconnected with covered branches. During follow up we lost one target vessel
the right renal artery.
Conclusion: The sandwich technique in combination with chimney grafts permits a total endo-
vascular exclusion of thoraco abdominal aortic aneurysms. In all cases off-the shelf products
and grafts could be used. The number of patients treated so far is still too small to draw
further more robust conclusions with regard to long term performance and durability.
ª 2010 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.119043301.
Kliniken.de (R.R. Kolvenbach).
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Urgent Endovascular Treatment of Thoraco-abdominal Aneurysms 55The prevalence of thoraco-abdominal and suprarenal
aneurysms (TAAA) in clinical practice is low.1e3 Surgical
intervention, endovascular treatment and medical therapy
constitute the three treatment options for patients with
a TAA.3 Although open surgical repair is an effective ther-
apeutic option with excellent long-term results, it may not
be an option for high-risk patients. Endovascular repair (ER)
may decrease the risk and magnitude of periprocedural
complications, thus expanding the patient population
eligible for a reconstructive procedure.4e7 Yet, in thoraco-
abdominal aneurysms, only custom-made branched grafts
can be used so far. These are still not available in many
countries. The patient must be in a stable position as
manufacturing takes up to 2 months.
We describe a novel technique, which permits endo-
vascular exclusion of thoraco-abdominal aneurysms using
off-the-shelf endovascular products.
Material and Methods
The sandwich technique was first described by Lobato.4 The
technique basically consists of the deployment of a combi-
nation of regular stent grafts and chimney branches.
Technical details
The technique described was used in urgent cases only.
Included were patients who presented with an acute onset
of symptoms, yet without any signs of rupture and retro-
peritoneal haematoma, according to the computed
tomography (CT) scan. All patients were classified after
a combined examination by cardiologists and anaesthetistsFigure 1 A. Schematic drawing: Thoracic stent graft deployed an
renal arteries after transbrachial access.as high-risk patients unfit for an open thoraco-abdominal
procedure.
First, a thoracic graft was deployed covering as much
length of the descending aorta as necessary. Using
a bilateral transbrachial access in combination with an
axillary artery cut down, the visceral arteries were can-
nulated. An 8 F 90-cm Shuttle Flexor Sheath (COOK,
Bloomington, IN, USA) was placed over a 0.03500 260-cm
Rosen Wire into the origin of all vessels. An 8  150 mm
heparin-coated GORE VIABAHN (W.L. GORE, Flagstaff,
AZ, USA) endograft was placed into each renal artery
depending on the artery’s internal diameter. An
11  100 mm VIABAHN was deployed inside the visceral
arteries (Fig. 1). Sizing of the chimney graft depended on
the preoperative angio-CT scans. These were intra-oper-
atively compared with the inner diameter of the target
vessels measured with the calibrating program of the C-
arm software. All GORE VIABAHN grafts were reinforced
with bare metal balloon-expandable stents.
A bifurcated endograft was introduced transfemorally
into the infrarenal aorta. After deployment of the
VIABAHN branches, the gap between the thoracic stent
graft and the infrarenal stent graft was closed, with a third
endograft serving as a bridging stent. Wires and balloons
remained inside all branches until completion angiography
(Figs. 2 and 3).
Special care was taken to oversize the aortic endograft
in contact with the chimneys by 30%, which is 10% more
than usual in our practice, to permit better moulding of the
coaxial grafts into the main stent graft. For follow-up,
duplex ultrasound, contrast-enhanced CT scans and flat-
plate radiographs were obtained before hospital discharge,
and at 6 and 12 months. Re-interventions, sac morphologyd chimney grafts in visceral arteries. B. Long flexible sheaths in
Figure 2 A. Illustration of thoracic graft, chimney grafts and
abdominal bifurcated graft. B. Relationship between stent
graft and Via Bahn grafts.
Table 1 Patient’s risk factors.
Preoperative
risk criteria
TAA
Number of patients 5
Pulmonary diseasea 4 pts 80%
Cardiac diseaseb 3 pts 60%
Renal Insufficiencyc 2 pts 40%
Previous cerebral insult 2 pts 40%
Prior AAA repair 2 pts 40%
Obesity 3 pts 60%
a Defined as a forced expiratory volume in 1 s of 50% of pre-
dicted value need for home oxygen, severe dyspnea or severe
chronic obstructive disease.
b Defined as an ejection fraction <35%.
c Renal insufficiency was defined as a serum creatinine level
of >1.5 mg/dl.
56 R.R. Kolvenbach et al.changes and endoleaks were recorded according to the SVS
reporting standards. Technical success was defined as
device placement, cannulation and stenting of all intended
branches with survival through 24 h, as described by
Greenberg et al.3,21Figure 3 A. Illustration of all grafts after complete deplPatients were considered high-risk if they fulfilled one of
the criteria outlined in Table 1. In 40% of the patients had
a compromised renal function preoperatively and were
prepared for the endovascular procedure with intravenous
volume loading to achieve adequate hydration.
Patients were scheduled for the sandwich technique
when, according to clinical judgment, we did not think that
we could wait for a custom-made device and that urgent
treatment was required within 24e48 h. Institutional Review
Board (IRB) approval and informed consent were obtained
for the whole series as well as for every individual patient.
In every case, the patient and relatives were informed
about alternate treatment options. Neuromonitoring was
not used and cerebrospinal fluid (CSF) drainage was per-
formed in type II TAAAs only.oyment. B. Completion CT scans after TAAA exclusion.
Figure 4 A. Juxtarenal Aneurysm after Type B dissection. Compression of true lumen by dissection membrane. B. Completion CT
scan postoperatively.
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Only high-risk symptomatic patients unfit for open surgery
were included. All patients were treated at the institution
of the principal author between 2008 and May 2010.
In one case, a thoraco-abdominal aortic aneurysm type
III, according to the Crawford classification, was treated, as
well as one type II and, in three cases, type IV aneurysms
(Figs. 4 and 5). In two cases, there was only one functioning
kidney; therefore, only one branch plus branches to the
visceral arteries were deployed. In one case, because of
intra-operative problems with the right transbrachial
approach, we used the right common carotid artery, after aFigure 5 A. Transverse section of parallel grafts. Bcut down, as an access vessel. None of our patients had
worsening of renal insufficiency postoperatively, and none of
our patients had to undergo haemodialysis. The initial
technical success rate was 100%. One patient, who was on
Coumadine,was dischargedwith a type 1 endoleak (Table 2).
At 2 months’ follow-up examination, the type I endoleak
had sealed spontaneously, but this is the only case where
the aneurysm has not yet decreased in diameter. A total
number of 17 branches were reconnected with covered
branches. We lost one target vessel, the right renal artery,
presumably due to a dissection and intimal flap after
previous stenting. The occlusion of the renal artery wasmost
probably the consequence of a technical problem upon. 3 Dimensional reconstruction postoperatively.
Table 2 Peri e and postoperative results.
Perioperative data
Number of patients 5
Mean follow-up Months 5,6 2e8
Technical success Patients 5
Mean TAAA size cm 6,5 5,9e8
Aneurysm size decrease (>5 mm) at 6 months Patients 4 80%
Endoleak
Predischarge Type I 1 pts
Type II 2 pts
6 months 1 Type II 1 pts
Target Arteries 3 Target Arteries 3 pts
4 Target Arteries 2 pts
Mean ICU stay days 2 1e3
Mean blood loss ml 1050 700e1400
Mean contrast dose ml 210 170e250
Organic iodine Concentration mg/ml 63.000 51.000e75.000
Mean fluoroscopy time min 135 90e180
Mean length of stay days 7 6e8
58 R.R. Kolvenbach et al.deployment of the endograft detected 2 days after the
intervention on the control angio-CT. One patient with
a type II TAAA had a paraparesis postoperatively. She was
able to walk again after discharge from rehabilitation, yet
still depending on help (Table 3).
One patient had to undergo coronary angiography 1 month
after stent grafting because of a myocardial infarction.
Discussion
Complications after open surgical repair of thoracic and
thoraco-abdominal aneurysms remain potentially devas-
tating and have multifactorial origin.2,3 Surgical invasive-
ness may be reduced by an all endovascular approach,
avoiding aortic cross-clamping and minimising peroperative
end-organ ischaemia, blood loss, fluid shifts and trauma to
the cardiac and respiratory systems.3,5,6
Two primary strategies have been used in an effort to
reduce the risks of conventional thoraco-abdominal aneu-
rysm repair. The first involves a hybrid procedure, in which
extra-anatomic bypasses coming from the iliac arteries areTable 3 Complications.
Mortality Patients
Paralysis Patients
Paraparesisb Patients
Prolonged ventilatory support Patients
Myocardial infarction Patients
Wound complications Patients
Acute branch vessel lossa Patients
Late branch vessel loss Patients
TAAA, thoraco-abdominal aortic aneurysm, SRA, suprarenal aortic an
a Late right renal artery occlusion detected after 6 months follow-u
b Paraparesis of both lower limbs after complete stenting of the a
hospital and rehabilitation yet still depending on help.created to perfuse the visceral and renal vessels, followed
by relining of the aorta with stent grafts.3,4,6,9e12 Hybrid
procedures have been used as a readily available alterna-
tive to branched or fenestrated grafts in high-risk
patients.4,6,9e11,13
The secondminimal invasive option for thoraco-abdominal
aortic aneurysms includes aneurysm exclusion with branched
grafts or, in selective cases, with fenestrated grafts.
Fenestrations are primarily used in juxtarenal aneurysms
or for a single visceral artery only.3,8,14 In most TAAAs,
branched aortic endografts are used.5,6,15 Excellent results
with fenestrated endografts have been reported. A system-
atic review showedperfusion of the targeted vessels in 97% in
the peroperative period and 90% during late follow-up.9,16
However, fenestrated and branched stent grafts need to be
customised for each patient. Branched grafts incorporating
reinforced fenestrations, axial branches or helical branches
have all been employed with a high rate of technical success
and encouraging short- and intermediate-term results, and
moreover, can be used to treat all TAAA types.3,5,6,15
However, there are the same problems as in fenestrated0 pts 0%
0 pts 0%
1 pts 20%
1 pts 20%
1 pts 20%
2 pts 40%
1 pt 20%
0 pts 0%
eurysm.
p.
orta, patient is ambulating again 6 months after discharge from
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available commercially; and they need to be customised to
each patient.3,5,17
Another more recent alternative that can be used in
these patients is the so-called ‘chimney graft’ tech-
nique.17e19 A covered stent is deployed into the renal
artery or both renal arteries, from a brachial approach,
with the stent extending outside the renal artery in
a cranial direction. The aortic stent graft is then
deployed, covering the origin of the renal arteries. Thus,
a conduit (chimney) is formed that runs parallel to the
aortic stent graft, between the main graft and the aortic
wall, preserving blood flow to the renal arteries. The renal
stent(s) and the aortic graft are then balloon dilated
simultaneously to mould the devices properly in the
aorta.17e19 This technique is less challenging for the
operator, and it is useful in emergency cases or in cases
where a visceral artery is accidentally covered during
thoracic endovascular aneurysm repair (TEVAR), for
patients with juxtarenal AAAs and in urgent cases, when it
is not possible to wait for a custom-made fenestrated
stent graft.17e19 However, the ‘chimney graft’ technique
is not applicable in types I, II and III TAAAs, type IV TAAA
with a long neck and long aortic dissections involving
visceral arteries because of the need of parallel grafts,
which have to be too long to reach the proximal neck,
paralleling with the proximal endograft.
For these cases, another concept was proposed by
Allaqaband et al.,20 the ‘stent-graft sandwich’. It consisted
of deploying one or more stent grafts inside the first one
already deployed.
Lobato et al.4 combined both procedures to solve the
short-barrel chimney problem in types I, II and III TAAA and
type IV TAAA, as well as long aortic dissections involving
visceral arteries. Based on this concept, we combined these
two techniques, the ‘chimney graft’ and the ‘sandwich’,
establishing a ‘sandwich technique with parallel grafts’.
The main principles of both previous techniques were used.
The proximal neck in the descending thoracic aorta was
covered by a tube endograft, and four new stent grafts
were housed inside. Three to four covered endografts
deployed for each one of the visceral arteries (superior
mesenteric artery, celiac trunk, right renal artery and left
renal artery), catheterised from above, were used. Distally,
a bifurcated stent graft was deployed to cover the distal
aorta and its bifurcation. At the end, a bridging stent
covering the middle portion of the aneurysm was deployed
in parallel with the chimney grafts.
For the first time, polytetrafluoroethylene (ePTFE) VIA-
BAHN grafts with heparin coating were used.
The technique described is, in many aspects, similar to
aneurysm exclusion with a branched stent graft. A clear
disadvantage is the axillary artery cut down because we
could not introduce simultaneously two 8F Flexor sheaths
percutaneously into one brachial artery.
As the renal arteries and the superior mesenteric artery
are coming out of the aneurysm, the use of covered grafts is
mandatory. Theoretically, parallel grafts are easier to
reaccess when covered stent grafts are used compared with
bare metal stents. Using 15-cm long parallel grafts, a long
overlapping zone of more than 3e5 cm with the aortic stent
graft in TAAAs could be achieved. This considerably addedto the stability of the chimney grafts between two aortic
stent grafts, thus minimising any movements.
Though our results are favourable, the numbers are far
too small to permit any further conclusions outside the
emergency and the high-risk patient setting with regard to
indication and long-term results.
Before the widespread use of this technique outside an
emergency setting can be advocated, a number of issues
must still be solved. Similar to all cases where chimney
grafts are used, our knowledge of the long-term perfor-
mance of these grafts is nil. What is the effect of micro- or
macro-motion on the fabric of all grafts involved over time?
Will there be graft erosion of either the chimney or the
aortic endograft? There is anecdotal evidence that stent
fracture can be an issue. Should self-expanding covered
grafts routinely be reinforced with balloon-expandable
grafts to avoid kinking?
In contrast to a branched graft where, particularly in
large aneurysms, the branches are ‘free floating’ in the sac
of the aneurysm influenced by the cardiac cycle as well as
respiratory movements, the sandwich technique should
permit a more stable position of the coaxial grafts between
two aortic stent grafts. The follow-up period is too short
and the number of patients too small to prove that the
length of the chimney grafts will be of any concern.
Branched grafts can only be used when the diameter of the
aorta is large enough to prevent compression of
the branches. This can be of concern with chimneys and the
sandwich technique as well. Many of these patients are
better served with a custom-made fenestrated graft, if
time permits. In the future, based on the work of the UCSF
group, we can expect to have off-the-shelf branched grafts,
which can be used in the majority of patients with TAAA.22
In conclusion, the ‘sandwich and parallel grafts’ tech-
nique employed was safe and effective. The low morbidity
and mortality of TEVAR of TAAA make it an attractive
alternative to open surgery in patients unfit for a conven-
tional procedure. The long-term durability is unknown;
hence, it should only be used in carefully selected patients
in an emergency setting.Conflict of Interest/Funding
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